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OPERATOR APPROACH FOR GENERIC 
DATAFLOW DESIGNS 

RELATED APPLICATIONS 

The present application claims priority to US. Provisional 
Application No. 60/353,796, entitled Operator Approach for 
Data FloW Design, ?led by KWok Hung Lau and Ali El 
Kortobi on Jan. 30, 2002, the contents of Which are hereby 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to database systems, and in 
particular, database design mechanisms and methods. 

BACKGROUND OF THE INVENTION 

A data Warehouse represents the result of a transformation 
of raW data from an organiZation’s data sources into a 
database that is accessible for query and analysis. Typically, 
data is moved from a source database into a data Warehouse 
in three stages: extraction of data from the source database, 
transformation of the extracted data, and loading of the 
transformed data into the data Warehouse. These stages are 
referred to collectively as ETL, Which stands for extraction, 
transformation, and loading. A database may be a relational 
database, an object-relational database, or a set of ?at ?les. 
For example, a source database may be an online transaction 
processing (OLTP) system that is oriented toWards the “real 
time” operation of a business. The data is extracted from the 
OLTP source database, transformed, and loaded in a data 
Warehouse. The transformed data in the data Warehouse may 
be used by an online analytical processing (OLAP) system 
that can ansWer longer range, management-oriented ques 
tions about the business. 
ETL development tools are softWare tools that are used to 

extract, transform, and load data into data Warehouses. 
Conventional ETL development tools consist of a variety of 
components, including a data movement planner and data 
movement engine. A data movement planner generates data 
movement plans. Data movement plans include ETL com 
ponents that de?ne ETL operations. ETL components 
include extraction components, Which de?ne an extraction 
operation from a source database, and transformation com 
ponents, Which de?ne operations like join, aggregation, and 
?lter. A data movement engine executes the data movement 
plan. 
An advantage of a data movement plan is that they may 

be represented graphically as a data movement graph that 
consists of interconnected icons representing ETL compo 
nents. Such data movement graphs help a user to visualiZe 
a data movement plan, greatly improving the users ability to 
unravel and understand the complexity of data movement 
plans. Once the user has entered input de?ning the data 
movement plan, the data movement planner generates the 
data movement plan. 
ETL development tools have various draWbacks that stem 

from the fact that they are based on a paradigm that requires 
that the data movement engine be a different system than the 
source database system and/ or data Warehouse and that 
imposes a dichotomous treatment of the extraction and 
loading components. Under this paradigm, the data move 
ment engine must interact With another database system to 
perform operations for the extraction and/or loading com 
ponents. 
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2 
Furthermore, the extraction component is treated as a 

black box, a simple query (source query) not to be modi?ed 
but to be simply provided to the source database system for 
execution. The source query is provided and designed by a 
user, and conforms to a native database language that is 
supported by the source database system. When a data 
movement plan is executed, the data movement engine 
submits the source query to the source database system. In 
response, the source database system computes the source 
query and supplies the results to the data movement engine. 
The results serve as input to the remainder of the execution 
of the data movement plan. 

Once the engine transforms the data, the data is loaded 
into a data Warehouse. Because the data movement engine 
and data Warehouse are different systems, the transformed 
data is transferred to the data Warehouse, Which then loads 
the transformed data. 

A major draWback suffered under this paradigm is that the 
data movement engines ability to optimiZe data movement 
plans is substantially impaired for several reasons. First, data 
movement engines lack access to information that is needed 
for optimiZation. This information includes, for example, 
statistics on tables and the number of roWs currently in the 
source tables. Typically, a source database system has this 
sort of information. Even if a data movement engine has 
access to the information, it does not use the information to 
optimiZe data movement plans. 

Second, because the extraction component is treated as a 
black box to be executed by the source database system, the 
data movement engine cannot push the execution of some 
operations de?ned by a transform component to the source 
system, causing the source database system, data movement 
engine, and data Warehouse to perform Wasteful Work. For 
example, a data movement plan de?nes a transform com 
ponent in the form of a ?lter operation. It is more ef?cient 
to push the ?lter operation to the source database system by 
adding a ?lter to the source query. HoWever, because the 
data movement engine treats the extraction component as a 
black box Which cannot modi?ed but must simply be 
provided to the source database system for execution, the 
source database system executes the source query and 
extracts data that does not satisfy the ?lter’s criteria. The 
data movement engine applies the ?lter only after the source 
database system extracts data. Thus, Work is Wasted extract 
ing and transporting over a computer netWork data that does 
satisfy the ?lter condition and that could never be moved to 
the target database system. 

To compensate for this inability to optimiZe data move 
ment plans, the user must manually optimiZe the execution 
of the data movement plan by de?ning the extraction com 
ponent to include operations that Would otherWise be de?ned 
by certain transform operations. For example, a data move 
ment plan includes a join and aggregation operation, among 
other operations. So that the join and aggregation operations 
may be executed more efficiently, the user creates a source 
query that speci?es these operations, causing them to be 
performed by the source database system. The user inten 
tionally foregoes de?ning transformation components in the 
data movement plan that perform the join and aggregate 
operations in the extraction component, so that the opera 
tions are not performed by the data movement engine and 
are instead left to be performed by the source database 
system. 
While this strategy may Work, it has disadvantages. First, 

the strategy requires the greater skill and effort needed to 
program more complex source queries. The strategy also 
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deprives the user of the substantial bene?ts of using the 
computer aided design functions available for de?ning ETL 
components. 

Finally, source database systems change. Many of the 
changes must be propagated to data movement plans. Propa 
gating the changes may entail examining the code previ 
ously entered for ETL componentsia manual process 
which can be very cumbersome and expensive. 

Based on the foregoing, it is desirable to provide a 
mechanism that may be used to implement movement plans 
that avoid the various drawbacks attendant conventional 
ETL systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, 
and not by way of limitation, in the ?gures of the accom 
panying drawings and in which like reference numerals refer 
to similar elements and in which: 

FIG. 1 is a block diagram depicting a data?ow design 
system architecture according to an embodiment of the 
present invention. 

FIG. 2 is a data?ow graph according to an embodiment of 
the present invention. 

FIGS. 3A and 3B are diagrams depicting a data?ow 
description according to an embodiment of the present 
invention. 

FIG. 4 is a block diagram depicting a system for gener 
ating code based on a data?ow description according to an 
embodiment of the present invention. 

FIG. 5A is a ?owchart depicting a process for generating 
a code implementation of a data?ow according to an 
embodiment of the present invention. 

FIG. 5B is a data?ow graph according to an embodiment 
of the present invention. 

FIGS. 6A, 6B, and 6C are diagrams depicting generation 
contexts showing how a code implementation for a data?ow 
graph evolves during code generation according to an 
embodiment of the present invention. 

FIG. 7 is a block diagram depicting components used by 
a reconciliation process to reconcile a data?ow with reposi 
tory entities according to an embodiment of the present 
invention. 

FIG. 8 is a ?owchart depicting a process that may be used 
to reconcile a data?ow with repository entities according to 
an embodiment of the present invention. 

FIG. 9 is a block diagram of computer system that may be 
used to implement an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the following description, for the purposes of expla 
nation, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present invention. 
It will be apparent, however, that the present invention may 
be practiced without these speci?c details. In other 
instances, well-known structures and devices are shown in 
block diagram form in order to avoid unnecessarily obscur 
ing the present invention. 

Overview 
Described herein is an operator-based approach to repre 

senting data?ows. A data?ow is a set of one or more 
operations and one or more ?ows of data that are processed 
successively by the set of operations. Data?ow processes 
commonly occur in many environments. For example, in a 
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4 
relational database system, a data?ow process may be the 
generation of the results of a query. Such a data?ow consists 
of a retrieval operation for retrieving data, followed by a 
?ltering operation for ?ltering data that satis?es a particular 
criteria. The output data generated by the retrieval operation 
is the input to the ?lter operation. In this way, data ?ows 
from the retrieval operation to the ?lter operation. 
Data?ows may be described in many computer languages, 

including SQL. According to the operator-based approach, 
however, a data?ow is described by a generic description in 
which operations in a data?ow are represented by operators. 
An operator de?nes a primitive operation (e.g. join, ?lter), 
specifying not only the type of operation, but the inputs and 
outputs, rules, and criteria that govern the operation. In 
addition, the generic description completely describes how 
data is processed by a data?ow, from the data?ow’s source 
to its destination. No portion of the data?ow need be 
described by a source query de?ned by a user for the 
extraction component, as is done under previously described 
paradigm that imposes the dichotomous treatment of the 
extracting and loading components. 
From the generic description, a code implementation is 

generated that may be completely executed on a source 
database system and target data warehouse, without need for 
an intermediate system to participate in the execution of the 
code implementation, such as a data movement engine. The 
one or more database systems in which a code implemen 
tation is executed, in whole or in part, are herein referred to 
as a deployment environment. The advantage of this 
approach is that the code implementation may be executed 
by fewer database systems, reducing the need to transfer 
data between different systems and the attendant overhead. 

Furthermore, the code implementation is executed on 
database systems that have the ability to optimiZe execution 
of the code implementation. For example, the code imple 
mentation can be deployed to a target data warehouse, which 
pushes a portion of the execution of the code implementa 
tion to the source database system. A native query optimi 
Zation mechanism on the target data warehouse decides what 
portion should be performed by the source database system. 
These mechanisms use information, such as statistics on 
tables and the number of rows currently in the source tables, 
to determine how to optimally execute a code implementa 
tion. 
The generic description is not tied to any particular 

computer language. The advantage of this approach is that it 
is easier to develop software tools for creating and optimiZ 
ing data?ows, where the software tools only need to be 
programmed for one common format for describing a data 
?ow, rather than having to be programmed for a multitude 
of formats or computer languages for describing a data?ow. 
Finally, because the generic description completely 
describes the operations performed, all aspects of the opera 
tions may be examined and analyZed to optimiZe a data?ow. 
The generic description can express aspects about a primi 
tive operation that could not be previously expressed by a 
conventional computer language, or that were dif?cult to 
discern from the description written in the computer lan 
guage. 
The operation de?ned by an operator accepts as input and 

generates as output one or more sets of rows referred to 

herein as “rowsets”. A row is one or more ordered ?elds, 
each of the ?elds having a value of a certain data type. A 
rowset is a collection of Zero or more rows, where each row 

has the same number of ?elds and the data type is the same 
for all ?elds in the rowset in the same respective ordinal 
position within a row. 
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To generate an implementation for a deployment envi 
ronment, the elements of a data?oW description are bounded 
to the elements of a deployment environment. For example, 
the ?elds of a roWset de?ned for an operator are bound to 
columns of a table in a source database system. The elements 
of a deployment environment may change, Which in turn 
may require changes to elements of a data?oW description 
bounded to the changed elements of the deployment envi 
ronment. Described herein is a reconciliation mechanism 
that facilitates reconciliation of deployment environments 
and data?oW descriptions. The reconciliation mechanism 
may also be applied in other contexts as Well. 
An objective and advantage of the reconciliation process 

described herein is to decouple the evolution of the deploy 
ment environment from the evolution of the data?oWs. The 
deployment environment and data?oWs may be developed 
independently and asynchronously. Changes made to the 
deployment environment do not need to be immediately 
propagated to the data?oW. The changes can be validated 
and tested before propagating them through the reconcilia 
tion process. 

In addition, changes to data ?oWs may be commenced 
Without the need to propagate changes from a deployment 
environment, or even before de?ning the deployment envi 
ronment. The availability of the reconciliation mechanism 
reduces or eliminates the need to immediately propagate the 
changes made to a data?oW to the deployment environment. 

Illustrative Data?oW Design System 
FIG. 1 depicts data?oW design system 101 according to an 

embodiment of the present invention. System 101 includes 
data?oW application 130, Which comprises application com 
ponents for creating and modifying data?oW metadata 126 
Within metadata 120. Data?oW metadata 126 describes 
data?oWs. Data?oW metadata 126 includes one or more 

data?oW descriptions, each of Which de?ne and represent a 
particular data?oW. 

Data?oW design GUI 136 is a GUI that enables and 
facilitates the generation of a data?oW description. To visu 
ally represent a data?oW and a data?oW description, data 
?oW design GUI 136 generates graphical displays depicting 
graphical components that represent elements of a data?oW 
description. The user, through click, drag, and drop opera 
tions, can manipulate the icons to construct a graphical 
representation of the data?oW. Based on the input provided 
in this manner, the data?oW design GUI 136 generates a 
data?oW description. 
Data?oW analyZer 138 is a softWare component that 

analyZes a data?oW to generate code implementations that 
implement the data?oW. The code generated in a particular 
computer language, or a version of the computer language, 
is referred to as a code implementation. The computer 
language for a code implementation may be selected by a 
user, or by the data?oW analyZer, Which selects the language 
based on a variety of considerations, including Which lan 
guage is optimal for implementing the data?oW in the 
particular deployment environment in Which the code imple 
mentation Will be run. For example, information provided by 
the user through data?oW design GUI 136 indicates that the 
code implementation for a data?oW is to be run on a 
particular version of a database system. Based on this 
information, the data?oW analyZer generates a code imple 
mentation that incorporates a neW language feature, not 
recogniZed by earlier versions of the database system, that 
alloWs the code implementation to be run more ef?ciently 
than a code implementation Without the feature. If the user 
had indicated that the code implementation Was to be 
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6 
executed on an earlier version of the database system, then 
the data?oW analyZer Would have generated a code imple 
mentation Without the neW language feature. 

In an embodiment, a user speci?es a deployment language 
and a “code generation strategy” through GUI 136. The 
deployment language is a language used for a code imple 
mentation that can be installed on a deployment environ 
ment. Some deployment languages alloW a code implemen 
tation to embed code of another language. Such code 
implementations thus include multiple languages. The code 
generation strategies that are available for selection by a user 
depend on the deployment language selected. The data?oW 
analyZer attempts to generate the code according to the 
selected code generation strategy. 

Alternatively, the data?oW analyZer attempts to generate 
code according to all the code generation strategies available 
for a deployment language, generating a separate code 
implementation for each strategy. The separate code imple 
mentations are packaged together as a deployable bundle for 
execution in the deployment environment. At runtime only 
one of the bundled code implementations is executed. A 
user-con?gurable sWitch is used to control Which one of 
them is executed. Different code generation strategies, and 
hoW they affect the generation of a code implementation, 
shall be later described. A particular code implementation 
may constitute several sets of code generated in different 
computer languages. For example, a code implementation 
may contain a portion that conforms to SQL, and a portion 
that conforms to PL/SQL, a database access language sup 
ported and promulgated by Oracle Corporation. In addition, 
multiple code implementations may be generated for a 
data?oW. For example, for a data?oW for Which multiple 
code implementations are generated, one code implementa 
tion is an SQL statement that de?nes operations for extract 
ing data that is loaded into a target table, another code 
implementation is another SQL statement that de?nes opera 
tions for extracting data from that target table and loading 
the extracted data into another table. 
A data?oW may involve data that ?oWs from a source 

database to a target database. To create representations of 
such data?oWs, a description of the data in the source or 
target database is needed. Repository metadata 122 is meta 
data that describes data in a source or target database, 
de?ning such entities as database tables, columns in the 
tables and their data types, indexes that index tables, the 
?elds of records in a ?le, and delimiters that delineate the 
?elds and records. A database described by repository meta 
data 122 is referred to herein as a described database. 
Database entities de?ned by repository metadata 122 are 
referred to as repository entities. Repository objects Within 
repository metadata 122 describe a particular repository 
entity. 

In an embodiment, repository metadata 122 is not simply 
a mere identical copy of the metadata maintained by data 
base systems or applications that describes source and target 
databases. Repository metadata 122 is a distinct body of 
metadata, having a form useable by data?oW design system 
101. Repository metadata 122 is created and maintained 
through use of repository utilities 132. Repository utilities 
132 are softWare tools for creating and modifying repository 
metadata 122. Repository utilities 132 may include any of 
the folloWing: a GUI interface that enables a user to de?ne 
database entities in a source or target database, and that 
updates repository metadata 122 to re?ect the de?nition; a 
database metadata extractor that extracts metadata from a 
source or target database, and that converts the metadata into 
a form stored in repository metadata 122. 
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Binding metadata 124 is metadata that correlates elements 
of a data?oW description to the repository entities of a 
described database. When binding metadata 124 correlates 
the elements of a data?oW description in this Way, both the 
data?oW and its description are referred to herein as being 
bounded to that described database. A data?oW description, 
once bounded to a repository entity, may be used by data 
?oW analyZer 138 to generate a code implementation that 
operates upon the repository entity. It is, hoWever, not 
necessary that a data?oW representation be bounded for 
data?oW analyZer 138 to generate a code implementation for 
the data?oW description. 

Binding metadata 124 is generated through use of binding 
utilities 134. These utilities include a GUI interface for 
visually binding elements of a data?oW to a described 
database. A described database may change, Which in turn, 
may require changes to a data?oW. A reconciliation tool 133 
facilitates the process of propagating changes to a data?oW 
representation required by changes to a described database. 

Illustrative Data?oW Graph 
FIG. 2 depicts data?oW graph DF. A data?oW graph, such 

as data?oW graph DF, represents a data?oW using operators 
and attribute groups associated With the operators. An 
attribute group de?nes the structure of a roWset that is an 
input or output of the operation de?ned by an operator. 

Selected elements (eg operators) of data?oW graph DF 
are used to herein illustrate various concepts concerning 
data?oWs and data?oW graphs. After illustrating these con 
cepts, other elements in data?oW graph DF are described in 
greater detail. 

Referring to FIG. 2, its depicts operators JOIN1, and its 
associated attribute group, InGrp1, InGrp2, and OutGrp1. It 
should be noted that other operators depicted in FIG. 2 have 
identically named attribute groups. For example, AGG1 and 
AVG_SAL_T each have an attribute identi?ed as InGrp1. To 
distinguish betWeen identically labeled attribute groups, a 
notation that speci?es the operator of the attribute group is 
used to refer the attribute group. The notation has the 
folloWing form: operator-name.attribute-group-name. Thus, 
“JOIN1.InGrp1” and “JOIN1.InGrp2” refer to the attribute 
groups of JOIN1. When it is clear from the context Which 
attribute group is being referred to, the notation may not be 
used. 

An attribute group, such as JOIN1.InGrp1, contains an 
ordered set of attributes. JOIN1.InGrp1 contains attributes 
ENAME, DEPTID, and SAL. Attributes may be referred to 
using a notation, similar to that used for attribute groups, that 
refers to the attribute group of the attribute. For example, 
JOIN1.InGrp1.ENAME refers to the attribute ENAME 
Within JOIN1.InGrp1. 
An attribute is a “placeholder” of a certain data type 

Within an attribute group. An attribute has a direction. The 
direction speci?es Whether an attribute de?nes an input, 
output, or both of an operator. The direction of an attribute 
is identi?ed herein as either input, output, or input/output. 
An input/output attribute may be referred to as an input, 
output, or input/output attribute. The attributes of an 
attribute group have the same direction. The direction of an 
attribute group is that of its attributes. For example, the 
direction of “JOIN1.InGrp1”, and its attributes, ENAME, 
DEPTID, SAL, is input. 
An input attribute group of an operator de?nes a structure 

for the roWset that is an input to the operation de?ned by the 
operator. A roWset and the roWs therein Whose structure is 
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8 
de?ned by an input attribute group of an operator are 
referred to as an input roWset or input roW With respect to the 
operator. 
An output attribute group of an operator de?nes the 

structure for a roWset that is the output of the operation 
de?ned by an operator. The roWset and the roWs therein 
Whose structure is de?ned by an output attribute group of an 
operator are referred to as the output roWset or output roWs 
With respect to the operator. 
Data?oW graph DF does not depict all aspects of opera 

tors shoWn in data?oW graph DF. For example, data?oW 
graph DF depicts JOIN1, Which de?nes a join operation 
Which is not explicitly depicted in data?oW graph DF. The 
join condition is, hoWever, de?ned by the metadata that 
describes data?oW graph DF. According to an embodiment 
of the present invention, the metadata that de?nes data?oW 
graph DF conforms to a generic data?oW language, Which 
shall be later described in greater detail. 

Attribute and Attribute Group Mappings 
For a pair of operators, a data?oW graph DF may map an 

attribute of the output attribute group of an “upstream 
operator” to an attribute of an input attribute group of a 
“doWnstream operator”. The attribute of an output attribute 
group mapped in this Way is referred as a “upstream 
attribute”; the output attribute group is referred to as an 
“upstream attribute group”. Similarly, the attribute of the 
input attribute group mapped in this Way is referred to as a 
“doWnstream attribute”; the input attribute group is referred 
to as an “doWnstream attribute group”. A doWnstream opera 
tor is referred to as being mapped to an upstream operator if 
at least one of the attributes in the doWnstream operator is 
mapped to an attribute in the upstream operator. Mapping a 
doWnstream attribute group from an upstream attribute 
group speci?es that the output roWset de?ned by the 
upstream attribute group is a source for an input roWset 
de?ned for the doWnstream attribute group. The mapping 
betWeen the doWnstream attributes and the upstream 
attributes speci?es What ?elds in their respective input 
roWset correspond to What ?elds in the respective output 
roWset. 

For example, FILTER1.InOutGrp1 is the upstream group 
for doWnstream group JOIN1.InGrp1. 
FILTER1.InOutGrp1.ENAME is the upstream attribute for 
doWnstream attribute JOIN1.InGrp1.ENAME. The 
attributes of the output roWs de?ned by 
FILTER1.InOutGrp1.ENAME correspond to the attributes 
of the input roWs de?ned for JOIN1.InGrp1.ENAME. 

Remaining Elements in the Illustrative Data?oW Graph 
Referring again to FIG. 2, operator EMP is a table source 

operator. A source operator represents an operation that 
extracts records from a source database, eg roWs and 
columns from a table in a source database. 
EMP.InOutGrpl is de?ned as the input/output attribute 

group for EMP. The attributes of EMP are 
EMP.InOutGrp1.ENAME, EMP.InOutGrplDEPTID, and 
EMP.InOutGrplSAL. 

Binding metadata in binding metadata 124 may link 
attributes of the source operator’s attribute group to reposi 
tory entities de?ned by repository metadata 122, thereby 
binding the data?oW graph DF, operator EMP, attribute 
group InOutGrp1 and its attributes to the source database, 
the table in the source database, and the columns in the table. 
It should be noted that a source operator may be de?ned for 
a data?oW graph Without having to bind the source operator. 
FILTER1 is the doWnstream operator of EMRFILTERI is 

an example of an operator de?ning a ?lter operation. The 
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?lter operation ?lters in roWs in a roWset that satisfy one or 
more criteria based on one or more ?elds. The criteria, While 
not depicted in FIG. 2, is de?ned by the data?oW metadata 
later described. 

FlLTER1.lnOutGrp1 is de?ned as the input/output 
attribute group for FlLTERl. The attributes of 
FlLTER1.lnOutGrp1 are FlLTER1.lnOutGrp1.ENAME, 
FlLTER1.lnOutGrp1.DEPTlD, and 
FlLTER1.lnOutGrp1.SAL. EMP.lnOutGrpl .ENAME, 
EMP.lnOutGrp1.DEPTlD, and EMP.lnOutGrp1.SAL are 
mapped as upstream attributes to downstream attributes 
FlLTERl .lnOutGrpl .ENAME, 
FlLTER1.lnOutGrp1.DEPTlD, 
FlLTER1.lnOutGrp1.SAL. 
DEPT is also a source operator. DEPT.lnOutGrp1 is 

de?ned as the input/output attribute group for DEPT. The 
attributes of DEPT.lnOutGrp1 are 
DEPT.lnOutGrp1.DEPTNO, DEPT.lnOutGrp1.DNAME, 
and DEPT.lnOutGrp1.LOC. 

JOIN1, as mentioned before, de?nes a join operation (the 
join condition is de?ned by data?oW metadata). Accord 
ingly, JOIN1 has tWo input attribute groups, representing 
tWo input roWsets for the join operation. The input attribute 
groups are JOlN1.lnGrp1 and JOlN1.lnGrp2. The attributes 
of JOlN1.lnGrp1 are JOlN1.lnGrp1.ENAME, 
JOlN1.lnGrp1.DEPTlD, and JOlN1.lnGrp1.SAL. The 
attributes of JOlN1.lnGrp2 are JOlN1.lnGrp2.DEPTNO, 
JOlN1.lnGrp2.DNAME, and JOlN1.lnGrp2.LOC. 
FlLTER1.lnOutGrp1.ENAME, 

FlLTER1.lnOutGrp1.DEPTlD, and 
FlLTER1.lnOutGrp1.SAL are mapped as upstream 
attributes to downstream attributes J OlN1.lnGrp1.ENAME, 
JOlN1.lnGrp.DEPTlD, and JOlN1.lnGrp1.SAL, respec 
tively. DEPT. lnOutGrpl .DEPTNO, 
DEPT.lnOutGrp1.DNAME, and DEPT.lnOutGrp1.LOC are 
mapped as upstream attributes to doWnstream attributes 
JOlN1.lnGrp2.DEPTNO, JOlN1.lnGrp2.DNAME, and 
JOlN1.lnGrp2.LOC. 
JOIN1 is the upstream operator to AGG1. AGG1 is an 

aggregate operator because it de?nes an aggregation opera 
tion. An aggregation operation generates an output roW that 
contains an aggregate value Which is generated by applying 
an aggregate function (eg SUM, COUNT, or AVERAGE) 
to values in a ?eld of a group of input roWs. The input 
attribute group of AGG1 is AGG1.lnGrp1, Which includes 
attributes AGG1.lnGrp1.SAL and AGG1.lnGrp1.LOC. The 
output attribute group for AGG1 is AGG1.0utGrp1, Which 
includes AGG1.0utGrp1.AVG_SAL and 
AGG1.0utGrp1.LOC. 

The particular aggregate operation de?ned by AGG1 is to 
generate the average of the values in SAL for all roWs in the 
input roWset that have the same value in the LOC. The 
output generated by the operator is a roWset With roWs that 
contain an average salary value in AVG_SAL for a particular 
value in LOC. 
As mentioned before, operators de?ne an operation that 

have a roWset as an input and output of the operation. The 
structure of the roWset is de?ned by an attribute group of the 
operator. For the sake of conciseness, it is convenient to refer 
to ?eld values in the roWset as attribute values of the 
corresponding attribute in the attribute group. For example, 
expressing that the attribute AVG_SAL holds average salary 
values is just a convenient Way of stating that a roWset’s ?eld 
that corresponds to the attribute AVG_SAL holds average 
salary values. 
USD_TO_ECU is a doWnstream operator of AGG1. 

USD_TO_ECU is a conversion operator because it speci?es 

and 
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10 
a formula for converting United States Dollar values in 
attribute AVG_SAL to European Country Union currency 
values. The input attribute group for USD_TO_ECU is 
USD_TO_ECU.lnGrpl, Which includes one attribute 
USD_TO_ECU.lnGrpl .AVG_SAL. 
AGG1.0utGrp1.AVG_SAL is mapped as an upstream 
attribute to USD_TO_ECU.lnGrpl.AVG_SAL. The output 
attribute group, USD_TO_ECU.OutGrpl, has one attribute, 
USD_TO_ECU. OutGrp 1 .AVG_SAL_ECU. 
AVG_SAL_T is a doWnstream operator of AGG1 and 

USD_TO_ECU. AVG_SAL_T is a load operator. A load 
operator receives an input roWset and modi?es a target 
database based on the input roWset. AVG_SAL_T, in par 
ticular, inserts roWs from an input roWset into a target 
database. Similar to source operator EMP, binding metadata 
may link attributes of the load operator’s output attribute 
group to repository entities in repository metadata 122, 
thereby binding the data?oW graph DF, the operator AVG_ 
SAL_T, attribute group AVG_SAL_TlnOutGrpl and its 
attributes to a target database, the table in the target data 
base, and the table’s columns. It should be noted that a load 
operator may be de?ned for a data?oW graph Without having 
to bind the load operator. 
The input/ output attribute group of AVG_SAL_T is AVG_ 

SAL_T.lnOutGrp1, Which includes attributes 
AVG_SAL_T. lnOutGrp 1 .AVG_SAL and 
AVG_SAL_T. lnOutGrp 1 .LOC. 
USD_TO_ECU.OutGrpl.AVG_SAL_ECU is an upstream 
attribute mapped to AVG_SAL_TlnOutGrpl.AVG_SAL. 
AGG1.0utGrp1.LOC is an upstream attribute mapped to 
AVG_SAL_T. lnOutGrp 1 .LOC. 

Data?oW Description 

As mentioned before, metadata de?ning a data?oW may 
be in the form that conforms to a generic data?oW language. 
FIGS. 3A and 3B are each a partial vieW of a data?oW 
description DFD, Which is data?oW metadata that de?nes 
data?oW graph DF. Data?oW description DFD contains 
instructions that conform to a generic data?oW language. A 
data?oW language de?nes a syntax for instructions that 
describe various properties of a data?oW. Some of the syntax 
is illustrated by data?oW description DF. 
As illustrated beloW, an instruction de?nes a particular 

element in a data?oW or particular property of an element in 
a data?oW. A set of instructions may be referred to herein as 
a block of instructions (“block”). The instructions in a block 
de?ne one or more properties of the same element. For 
example, a block of instructions may de?ne an operator, and 
the operator’s attribute groups, and the attributes of the 
attribute groups. A block may include other blocks that 
de?ne a particular element of a data?oW. 

Referring to FIGS. 3A and 3B, block 310 de?nes operator 
EMP. Line 311 is an instruction that speci?es the operator’s 
name (i.e. EMP) and the operator’s type. The text ‘TYPE 
TABLE’ in line 311 designates the operator’s type as a table. 

Block 312, Which is Within block 310, de?nes attribute 
group EMP.lnOutgrpl. Within block 310 is block 313, 
Which contains instructions that de?ne each of the attributes 
of EMP.lnOutGrp. For example, line 314 de?nes attribute 
EMP.lnOutgrpSAL, designating the attribute’s data type as 
NUM (i.e. a number). Other instructions in data?oW descrip 
tion DFD that de?ne attributes are not depicted as designat 
ing a data type. Such designations Were omitted to reduce 
clutter and increase clarity of the ?gures. Data types of an 
attribute include, but are not limited to, boolean, variable 
and ?xed length strings, integer, ?oating number, and date. 






















